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Abstract
Different bone allografts (pasteurized, autoclaved, and frozen) were compared based on their
osteoinductive properties. Our primary purpose was to examine the biologic qualities of pasteur-
ized allografts, as pasteurization inactivates most viruses transmitted by transplantation. Frozen,
pasteurized, and autoclaved allografts were packed into a standard defect of rabbit ulna. The
animals were sacrificed at 2 and 4 weeks after surgery. The parts of bones with experimental de-
fects were explored en bloc, and a roentgenogram was carried out. Ulna bone samples were then
embedded in methyl-methacrylate. Roentgenograms showed that after 2 weeks, calluses were
well-formed, but irregular in shape in all 3 types of allografts. After 4 weeks, the calluses were
regular in shape in all but the autoclaved grafts. After 2 weeks, the healing processes had begun
in the frozen and pasteurized grafts, with the reaching approximately the same stage, while in
the autoclaved grafts these processes were not seen and the bone particles were surrounded by
connective tissue without any changes. After 4 weeks, osteoinductive processes were very strong,
with the first signs of complete bone remodeling at the bone edges of the defect in pasteurized and
frozen allografts. The osteoinductive values of these 2 types were very high and similar. Auto-
claved allografts, on the other hand, had very low osteoinductive values, as they were still at the
very beginning of the healing process. Histomorphometric analysis revealed a significant differ-
ence in both newly formed osteoid thickness and osteoblast number per microm of bone surface in
all experimental groups (P < 0.005). Values of osteoid thickness and osteoblast number were sig-
nificantly higher in both frozen and pasteurized grafts when compared with the autoclaved ones (P
< 0.005). Osteogenic properties of pasteurized bone allografts were preserved, and the allografts
have been gradually replaced with newly formed bone. As such, pasteurized bone grafts from a
bone bank have approximately the same biologic validity as frozen grafts, while autoclaved grafts
impair bone healing.
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Di?erentbonealografts(pasteurized,autoclaved,andfrozen)werecomparedbasedontheir
osteoinductiveproperties.Ourprimarypurposewastoexaminethebiologicqualitiesofpasteurized
alografts,aspasteurizationinactivatesmostvirusestransmittedbytransplantation.Frozen,
pasteurized,andautoclavedalograftswerepackedintoastandarddefectofrabbitulna.The
animalsweresacriﬁcedat2and4weeksaftersurgery.Thepartsofboneswithexperimentaldefects
wereexplored ,andaroentgenogram wascarriedout.Ulnabonesampleswerethen
embeddedinmethyl-methacrylate.Roentgenogramsshowedthatafter2weeks,caluseswere
wel-formed,butirregularinshapeinal3typesofalografts.After4weeks,thecaluseswere
regularinshapeinalbuttheautoclavedgrafts.After2weeks,thehealingprocesseshadbegun
inthefrozenandpasteurizedgrafts,withthereachingapproximatelythesamestage,whileinthe
autoclavedgraftstheseprocesseswerenotseenandtheboneparticlesweresurroundedbyconnec-
tivetissuewithoutanychanges.After4weeks,osteoinductiveprocesseswereverystrong,withthe
ﬁrstsignsofcompleteboneremodelingattheboneedgesofthedefectinpasteurizedandfrozen
alografts.Theosteoinductivevaluesofthese2typeswereveryhighandsimilar.Autoclaved
alografts,ontheotherhand,hadverylowosteoinductivevalues,astheywerestilatthevery
beginningofthehealingprocess.Histomorphometricanalysisrevealedasigniﬁcantdi?erencein
bothnewlyformedosteoidthicknessandosteoblastnumberperμmofbonesurfaceinalexperimen-
talgroups( ＜0.005).Valuesofosteoidthicknessandosteoblastnumberweresigniﬁcantlyhigher
inbothfrozenandpasteurizedgraftswhencomparedwiththeautoclavedones( ＜0.005).
Osteogenicpropertiesofpasteurizedbonealograftswerepreserved,andthealograftshavebeen
gradualyreplacedwithnewlyformedbone.Assuch,pasteurizedbonegraftsfromabonebank
haveapproximatelythesamebiologicvalidityasfrozengrafts,whileautoclavedgraftsimpairbone
healing.
Keywords:bonealograft,pasteurization,healing,rabbits
B onetransplantationsurgeryhasbecomeintegraltoorthopedic and traumatology. Although
autologousbonegraftsarethemostfavorableforbone
transplantationpurpose(“goldenstandard”)［1,2,3］,
theirresourcecapacityislimited.Consequently,trans-
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plantationofdeep-frozenalogenousbonehasbecome
prevalentinclinicalpractice［1］.Thisprocedurehas
severalcomplicationrisks,includingtransplantrejection-
hostversusgraftreaction,instability,andinfection.
AftertheappearanceofHIVandotherretroviral
infections,transmissionriskshavebecomeoneofthe
mostimportantproblemsindeep-frozenalogenousbone
transplantationsurgery［4,5］.Sincethetimewhenthe
ﬁrstcaseofHIVtransmissionbyanalogenicbonewas
reported,thenumberofbonealografttransplantations
hasdecreased［6］.
Inthemeantime,certainmedicalassociations［7］
haveintroducednewmedicalguidelinesinordertoreduce
theriskofHIVtransmission［8］.Inaddition,numerous
experimentshavebeencarriedoutwiththeintentof
developinganadequateprocedureforvirusinactivation
withoutcompromisinggraftbiologicalvalues［9］.Never-
theless,therearestilseriousproblemsinbonebanking
［1,10］.
PreviousstudieshaveshownthatHIVandother
retrovirusesarenotsensitivetolowtemperaturesand
thereforecannotbeinactivatedbyfreezing［5,11］.
Numerousstudieshavedescribedthee?ectsande?cacy
ofvariousmethodsandproceduresdirectedatHIV
disinfectionsuchastheuseofchemicalagents,gamma
anddeltairradiation,andthermalenergy［12,13］.
Althoughthesemethodshavebeensuccessfulinvirus
inactivation,theyhavebeeninapplicabletoalogenicbone
grafttransplantations,astheyseverelyalterthephysical
propertiesandosteogenicpotentialofthebonealograft
［14］.
Moreover,algrowthfactors(TGFβ,BMPs,IGFs
etc.)ofthebonematrixresponsibleforosteogenicprop-
ertiesareinactivatedat80°C［15］.Assuch,autoclaved
bonealograftshavebeenconsideredtobeinappropriate
forbonetransplantsurgeryduetotheassociatedlossof
physicalandbiologicalproperties［16］.Manifesty,alo-
graftdisinfectionfromvirusesshouldbeperformedby
heatingatlowertemperatures,asitisdonewithblood
derivates(50-60°C)［17］.
Ithasrecentlybeenshownthatheatingat50-68°C
inactivatesHIV.Spireetal.［11］haveshownthatafter
30minofincubationinawaterbath,viralsampleinactiva-
tionis0 ,40 ,63 ,and100 at37°C,42°C,48
°C,and56°C,respectively.Theyhavealsoobserved
thatHIVreversetranscriptaseactivityreacheszeroafter
20minofincubationat56°C［18］.Thisimportant
ﬁndinginspiredustoelucidatetheosteogenicproperties
ofpreviouslypasteurizedbonegraft(56°Cfor20min)
withregardtoitsuseinbonetransplantation.Therefore,
ouraiminthepresentstudywastoestablishthee?cacy
ofpasteurizedbonealograftsinthehealingprocessfor
bonedefectsinrabbits.Autoclavedandfrozenalografts
wereusedascontrolalograftsofknownbiologicalvalid-
ity.Duetoitsgoodosteogenicpotential,therabbitisthe
bestexperimentalanimalforsuchastudy.Moreover,the
surgicalprocedureperformedontherabbit’sulnais
simpleandreasonablyreproducible,astheskeletaldimen-
sionsareappropriate.Thepresentresultssuggestthat
thetemperatureapplied,quitesu?cienttodisinfectthe
bonealograftofHIV,doesnotinterferewiththe
osteogenicpropertiesofapasteurizedbonegraft.
MaterialsandMethods
Fulygrownmalerabbits,weight3-4
kg,werehousedinstandardcagesatcontroledtempera-
ture(25°C)withfreeaccesstowaterandstandardpelet
food(MKMoslavka,Kutina,Croatia).Sixtyanimals
weredividedinto3testgroupsaccordingtothekindsof
variouslypreparedalografts.Tenanimalsineachtest
groupweresacriﬁcedafter2weeksand4weeks,respec-
tively.Fivemoreanimalswereusedasbonedonorsfor
preparingbonetissueimplants.Theanimalexperiment
wascarriedoutinaccordancewithMedicalSchool
PoliciesandGuidelinesfortheCareandUseofLabora-
toryAnimals.Ale?ortsweremadetominimizeanimal
su?ering.
Thefemora,tibia,andcoaxes
wereisolatedfrombonedonoranimalsunderaseptic
conditions.Theperiosteumandarticularcartilagewere
carefulyremovedfromthebonesurface.Thereafter,the
boneswerecutupintosmalfragmentswithLuer’s
rongeur(particlesca.1mm?).Suchfragmentedbones
werekeptsterileandfrozeninthebonebankat－70°C
for6weeks.
Frozenalogenousbonegrafts:corticocancelousbone
graftsfromthebonebankwerethawedinsalinesolution
atroomtemperatureimmediateypriortotheiruse.
Pasteurizedalogenousbonegrafts:corticocancelous
bonegraftsfromthebonebankstoredinsteriletesttubes
werethawedat56°Cfor20mininawaterbath.
Autoclavedalogenousbonegrafts:corticocancelous
bonegraftsfromthebonebank,storedinsteriletest
tubesweresterilizedat120°Cfor20min.
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Rabbitswereanesthetizedwithintra-
venousinjectionofMidazolam(0.25mg/kg)andFantanyl
(0.005mg/kg)viathemarginalearvein.Themiddlepart
oftheunla’sshaftwasexposedextraperiostealyunder
tourniquetischemiaandasepticconditions.Theperios-
teumwasincisedcircumferentialyandremoved.There-
after,abonedefectwascreatedthatwasasclosetothe
samelengthaspossibleasthediameteroftheboneshaft
atthispoint(approximately4mm).Adentaldrilwas
usedforthispurposetoavoidthermaldamagetothebone
endsthatcanbecausedbyasaw.Thebonedefectwas
completelyﬁledwithpreviouslypreparedbonealograft
takenfromthebonebank.Thesofttissueswererestored,
andskinwascarefulysutured.Oneofus(B.L.)perform-
edalthesurgicalproceduresinthisstudy,achieving
whatwasconsideredtobeauniformtechnique.After
surgery,animalsreceivedpenicilin(750,000IUintramus-
cularly).Nointernalorexternalﬁxationwasused,since
theweight-bearingloadisnottransmitedthroughtheulna
inrabbits.Nosignofinfectionorlocomotiondisturbance
wasobservedduringtheexperimentalperiod.
Attheendoftheexperimentalperiod,theanimals
weresacriﬁcedbyanoverdoseofthepentobarbital.A
segmentoftheulnacontainingtheexperimentalgraftwas
excisedenbloc,includingportionsofnormalulnaprox-
imalanddistaltothegraftalongwithagenerousinvest-
mentofsofttissue.
Roentgenogramsweremadeofalanimals2daysafter
surgerytoconﬁrmgraftplacement.Aftertheanimals
weresacriﬁced,roentgenogramswereobtainedagainto
checktheappearanceofthebonedefecthealing.How-
ever,theroentgenogramsprovedtobeoflitlevaluein
assessingofthee?ectivenessofthevarioustypesof
graftsandwerethereforenotusedintheﬁnalevaluation.
Tissuespecimenswere
ﬁxedin4 paraformaldehyde,dehydratedinethanol,
clearedinxylene,andembeddedundecalciﬁedinmethyl
methacrylate.Serialtissueslices,7μmthick,werecut
paraleltotheboneaxis,withaLeicaRM 2155mi-
crotomeequippedwithatungstencarbideknifeandplaced
ontosilinatedglassslides(Silane-Prepslides,Sigma
ChemicalCo.,St.Louis,MO,USA),driedat37°Cin
athermostatandstainedwithhematoxyline-eosineand
toluidineblue.
Tissuemorphology
andcelularmechanismsofthehealingprocessinducedby
implantationofdi?erentalograftswereanalyzed.During
thecourseofthisstudy,itbecameapparentthatthere
were5keyhistologicalfeaturesinthehealingprocessthat
mustbeconsideredandincludedinanevaluationofthe
experiment:theappearanceofthealograftparticles,the
restorationofcontinuitybetweenboneedges,thecalus,
theboneedges,andthequalityofnewlyformedbone.
Eventhoughhistologyclearlyrevealeddi?erencesin
tissuereactionafterdi?erentalografttransplantation,it
wasnotpossibletocomparethestatusofdi?erent
specimensonthebasisofdescriptivehistology.There-
fore,akindofsemiquantitativesystemwasappliedwith
numericalratesforeachofthekeymorphologicalstruc-
tureslistedabove.Asimilarmethodofnumericalevalua-
tionwasdescribedbyHeiple［3］,butashisexperiment
di?eredfromours,wemodiﬁedtheparametersincluded
intheevaluation.Inordertoobtainobjectiveanalysis,
theevaluationwascarriedoutby2independentobservers
(S.Z.,D.B.).Themaximumqualityofthebonehealing
processwasevaluatedbyascoreof13.Thearbitrarscale
usedinournumericalevaluationwas:
1.theappearanceofthealograft:particlesofalograft
areintact(0),newcelularactivityonthesurfaceof
boneparticles(1),alograftisfulyincorporated(2).
2.restorationofcontinuitybetweenboneedges:no(0),
yes(1).
3.calus:nocalus(0),ﬁbrouscalus(1),chondralcalus
(2),bonecalus(3).
4.boneedges:necrotic(0),resorbed(1),newbone
apposition(2).
5.qualityofnewbone:initialappositionofnewboneon
thetransplantsurface(1),singlenodulesofwoven
bone(2),trabeculasofwovenbone(3),bridging
trabeculas(4),lamelarbonetrabeculas(5).
Histomorphometricanalysiswasobtainedbyanimage
analyzer(Sform,VAMS,Zagreb,Croatia)usingthe
OlympusBX50microscope(OlympusOpticalCo.Ltd.,
Tokyo,Japan).Osteoidthicknesswasmeasured(O.Th.
(μm),onthesurfaceofthebonegraftparticlesandon
newlyformedbone.Osteoidwasidentiﬁedintoluidinblue
stainedtissuesectionsasapalebluelayeroverlyingthe
newlyformedboneorgraftparticles,andcoveredwitha
layerofcuboidalosteoblastsonitssurface.Thethickness
oftheosteoidwasmeasuredat4equalydistantpoints
andexpressedasitsmeanvalue［19］.
Osteoblastnumberwasexpressedastheratioof
osteoblastnumber(NbOb)perbonesurface(Tb.Pm.
(μm)［19］.Osteoblastswereidentiﬁedascuboidal
blue-stainedcelswithabasalnucleus.
Measurementsweretakenon5randomlychosen
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powerﬁeldsalongtheentiretissuesection,including6
sectionperspecimen.Alhistomorphometricdataare
givenasmeanvalues±standarderrorofthemean.
StatisticanalysiswasperformedusingtheStudent’st-test
forimpaireddata(Statisticaforwindows)andPvalues＜
0.05wereconsideredstatisticalysigniﬁcant.
Results
Theappearanceof
theimplantedgraftat2daysaftersurgeryisshownin
Fig.1A.Twoweeksaftersurgery,al3typesof
alograftsshowedanirregularlyshapedcalusonradiogra-
phicexamination(datanotshown).Fourweeksafter
surgery,mostpasteurizedandfrozentypesofgraftshad
aregularlyshapedcalus,whilethecalusofautoclaved
graftswasstilirregularlyshaped(Fig.1B,1C,1D).
Alo-
graftparticleswereidentiﬁedbytheirirregularshape,
sharpandirrergularedges,irregularlyorientedlamelas,
andemptyosteocytelacunas(Fig.2A,2B,2C).
Frozenandpasteurizedalograftboneparticleswere
surroundedbydenseconnectivetissuewithcelinﬁltrate,
bloodvessels,andbloodcels(Fig.2B,2A).Ac-
cumulatedosteoblastswereseenonthesurfaceofthe
graftparticles.Scaterednewlyformedbonewithpali-
sadesofosteoblastswithunderlyingosteoidwasfound
withinabonedefect.Thecorticalboneshowedtheinitial
endostealandperiostealreactionwithcelularaccumula-
tion.Osteoblasticactivityofthehostbonewasalsofound
ontheedgesofthebonedefect(Fig.2D,2E).
Incontrast,osteoblastswererarelyfoundonthe
surfacesofboneparticlesintheautoclavedalografts.
Theboneparticlesseemedtobepreserved,andsomehad
evenbeenresorbed(Fig.2C).Norestingliningcels
werefoundonthesurfaceofgraftparticles.Thebone
edgeswereclearwithnosignofcelactivity(Fig.2F).
Onlyaweakendostealandperiostealcelularreaction
couldbeseenaroundthehostcorticalbone.
In
pasteurizedandfrozenalografts,mostoftheparticles
wereresorbedandsubstitutedwithnewlyformedboneby
theprocessofremodeling.Newlyformedtrabeculasof
wovenboneorevenlamelarbonehadbridgedover
oppositeedgesofthebonedefect(Fig.3D,3E).The
remainingalograftparticleswereincorporatedintothe
newlyformedbonetissue.Averystrongperiostealand
endostealreactionwithboneremodelingcouldbeseenin
thehostcorticalbone.Thecalusofcartilaginoustissue
withperipheralossiﬁcationwaswel-developed.Large
amountsofosteoidandnumerousosteoblastswereplaced
onthesurfacesofremainingparticlesandnewlyformed
Fig.1 Roentgenogramsshowtheappearanceofthebonealograftsat2daysaftersurgery(A),thenpasteurized(B),frozen(C)and
autoclaved(D)graftsat4weeksafterimplantation.
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bonetrabeculas(Fig.3A,3B).
Inautoclavedbonegrafts,mostoftheparticles
remainedunchanged(Fig.3C).Hereandthere,forma-
tionofnewbonewithadjacentosteoblastscouldbeseen.
Onsomepartsoftheboneedgeanewboneapposition
couldbeseen,buttheconnectionwiththenewlyformed
regenerativeboneinthedefecthadnotyetbeenestab-
lished(Fig.3F).
Numericalevaluation
ofthemorphologicalstructuresinvolvedinthebone
healingprocessshowedalmostthesamenumericalvalues
forpasteurizedandfrozenbonealograftsat2weeksand
4weeksaftertransplantation.Incontrast,thenumerical
valuesforautoclavedbonealograftsweremarkedlylower
inbothexperimentalperiods(Table1).
Themean
osteoidthickness(O.Th)infrozen(4.45±0.06μm)and
pasteurized(3.51±0.06μm)graftsdi?eredsigniﬁcantly
fromthatinautoclavedgrafts(1.28±0.04μm)(P＜
0.005).
Correspondingly,therewasasigniﬁcantdi?erencein
theosteoblastnumberperμminfrozen(0.16±0.016)
andpasteurized(0.19±0.002)graftswhencomparedwith
autoclavedgrafts(0.075±0.001)(P＜0.005).
Fig.2 Theresultsoftissueandcelulareventsduringthehealingprocessinducedby3typesofbonealograftsat2weeksafter
transplantation(toluidinblue,200×).Strongcelularinﬁltration(CI)aroundpasteurizedbonealograftparticles(pbp),numerousosteoblasts
(O)formingnewbone(newb)(A);celularinﬁltration(CI)aroundthefrozenbonealograftparticles(fop),numerousosteoblasta(O)forming
newwovenbone(newb)(B);celularinﬁltration(CI)aroundtheautoclavedbonealograftparticles(abp)(C);pasteurizedalograft-thehost
boneedge(↓)showsstrongercelularactivitywiththebeginningofremodeling(D);frozenalograft-celularactivityonthehostboneedge
(↓)withthebeginningofremodeling,strongperiostealreaction(pr)(E);autoclavedalograft-theedgeofthehostbone(↓)showsnovisible
changes,weakperiosteal(pr)andendostealreactions(er)(F).
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Fig.3 Thetissueandcelulareventsduringthehealingprocessinducedby3typesofbonealograftsat4weeksaftertransplantation
(toluidinblue,200×).Pasteurizedalograft-particlesresidues(pbp),newbone(newb)(A);frozenalograft-particles(fop)arealmost
completelyresorbed,newlyformedwovenbone(newb)(B);autoclavedalograft-boneparticlesarestilunresorbed(abp)(C);pasteurized
alograft-advancedremodelingonthehostboneedge(↓),continuitywithnewlyformedbone(newb)indefect(D);frozenalograft-advanced
remodelingonthehostboneedge(↓),continuitywithnewlyformedwovenbone(newb)indefect(E);autoclavedalograft-thebeginningof
remodelingontheboneedge(↓),withoutcontinuitywithnewlyformedbone(newb)indefect(F).
Table1 Theresultsofnumericalratingofthehealingprocessinducedbyimplanationofdi?erentialypreparedbonealografts
Typeofalograft 2weeksaftertransplantation 4weeksaftertransplantation
Autoclavedalografts 4.4±0.241 7.2±8.04
Frozenalografts 8.4±0.67? 12.4±0.78?
Pasteurizedalografts 7.2±0.34? 11.3±0.92?
Theassessmentwasperformedby2independentobservers.Theresultsareexpressedasmean±standarderrorofthemean(?statisticaly
signiﬁcantdi?erencevs.autoclavedalografts,P＜0.005,Student’st-test).
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Discussion
BecausethereisahighriskofHIVandotherviral
transmissionthroughbonealografttransplantation［6,7,
8,10］,itisnecessarytodevelopanadequateprocedure
thatcanachieveviralinactivation,butdoesnotcompro-
misethebiologicalosteoinductivepropertiesofbone
alografts［2,16］.Ithasbeenshownthatpasteurization
(56°Cfor20min)successfulyeliminatesHIV［17］and,
importantly,thatthethermalenergyofpasteurization
doesnota?ecttheactivityofthegrowthfactorsinthe
bonematrixresponsibleforosteoinduction［16］.In
accordancewiththeseresults,ourstudyhasdemonstrat-
edthattransplantationofpasteurizedbonealografts
inducesthesamerateofboneformationwithinthebone
defectasfrozenalografts.Becausefrozenbonealografts
performsatisfactoryinbonetransplantationsurgery［13］
wecanconcludethatpasteurizedbonealograftsmaybe
usedforthesamepurpose.Atthesametime,pasteuriza-
tiondoespreventviraltransmission,whichiscrucialto
today’stransplantationsurgeries.Thisstudyistheﬁrst
reportofthee?cacyofpasteurizedbonealograftsin
inducingboneformationinexperimentalbonedefectsin
rabbits.
Duringhistologicalanalysis,itbecameapparentthat
therearecertainhistologicalfeaturesandstructureswithin
bonedefectsthatmustbeconsideredandincludedin
evaluatingthesuccessofbonealografts,astheystrongly
reﬂecttheintensityofthebone-inductionprocesswithin
thesiteofalografttransplantation.Theﬁrsthistological
structureofinterestwastheparticlesofthetransplanted
alografts.Itwasfoundthatthemajorityofparticlesin
thepasteurizedalografts,aswiththefrozenalografts,
hadbeenalmostcompletelyresorbedandincorporated
within4weeksoftransplantation,whilemostofthe
autoclavedboneparticleswerestilintactandunresorbed.
Theseresultssuggestthatpasteurizedbonealograft
particlesactrapidlyinthebone-inductionprocess,asdo
frozenones.Inthesealografts,incorporationofparticles
wasfoundtobeconnectedwithnewboneformation,
whichwasthesecondstructureofinterest.Newlyformed
bonewasfoundindi?erentstagesofdevelopment.Most
ofthisnewlyformedbonewaswovenbone,accordingto
theclassiﬁcationofbonetissue,andrarelylamelarbone
tissue.Inthecaseofautoclavedbonealografts,how-
ever,newlyformedwovenbonewasobservedonly
rarely.Within4weeks,newlyformedbonetissuein-
ducedbypasteurizedandfrozenalograftshadeven
bridgedoversomepartsofthebonedefect.Thenewly
formedbonetissueestablishedcontinuitywithhost-bone
edges,andinthesecasesthebone-inductionprocesses
weremorepronounced.
Inaddition,histologyrevealednewendosteal,perios-
teal,andperivascularboneformationinbothpasteurized
and frozen bonegrafts, with minormorphologic
di?erencesafter2weeksandstrongerreactionsafter4
weeks.
Eventhoughhistologyclearlyrevealeddi?erencesin
tissuereactionaftertransplantationofthedi?erentalo-
grafts,inwasnotpossibletocomparethestatusof
di?erentspecimensonthebasisofdescriptivehistology.
Toestablishthedi?erencesbetweenboneinductions
inducedbydi?erenttypesofalografttransplantationwith
moreaccuracy,aproposedsemiquantitativesystemwas
appliedwithnumericalratesforeachofthekeymor-
phologicalstructuresdescribedabove.Heiplehasde-
scribedasimilarmethodofnumericalevaluation［3］,but
ashisexperimentdi?eredfromours,wemodiﬁedthe
parametersincludedintheevaluationanddesignedanew
originalscalesystem.
Thenumericalratingscaleusedforquantiﬁcationof
histologicalstructuresimportanttothebone-induction
process,designedexpresslyforthisstudy.Theproposed
scalesystemprovedtobeusefulandrevealedthesuperi-
orityofthefrozenalograftsinboneinduction.The
numericalvalueofpasteurizedalograftsdidnotdi?er
signiﬁcantly from those ofthe frozen alografts,
conﬁrmingagainthatpasteurizedbonealograftsdonot
losetheirosteoinductiveproperties.
Histomorphometricparameters-osteoidthicknessand
osteoblastnumberdidnotdi?ersigniﬁcantlybetween
frozenandpasteurizedgroupsbutweresigniﬁcantly
higherinrelationtotheautoclavedgroup.Thehigher
osteoblastnumbersinthese2groupsclearlyindicatesthat
transplantationofthesealograftsinduceshighercelular
inﬁltrationandosteoblastdi?erentiation［19］.These
ﬁndingsoncemoreindicatethatpasteurizedalografts
havethesameosteoinductivepropertiesasfrozenbone.
These3methodsofevaluation(histology,thenumeri-
calratingsystem,andhistomorphometry)algavethe
sameresultsregardingpasteurizedandfrozenbone,
leadingtotheconclusionthatpasteurizationofbone
alograftsdoesnotalterthebiologicalvalidityandthat
transplantationofpasteurizedalograftsinducessatisfac-
torynewboneformation.
Theresultsregardingthee?cacyofthedi?erenttypes
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ofbonealograftsandtheirdi?erenceswerealso
conﬁrmedbyaradiologicalmethod.However,asthis
methodprovidesonlyageneralperspectiveregardingthe
bonedefecthealingprocess,wedidnotuseitforfurther
evaluation,nordidHeipleinhisstudy［3］.
Acertainactivationofbonecelsleadingtoabone-
healingresponsewasalsorevaledintheautoclavedgroup.
Thesigniﬁcantlyfeweractiveosteoblaststhatwere
revealedintheautoclavedbonegraft,however,was
probablyduetoosteoconductiveproperties,asweknow
thathightemperatures(80°C)inactivategrowthfactors
andthatthereisthusno furtherstimulation of
osteogenesis［15］.Theaboveonlyconﬁrmwhyauto-
clavedbonegraftshavebeenabandonedinbonetransplan-
tationsurgery［1,3］.
Becausethevalueforautoclavedandfrozenbone
alograftsintransplantationsurgeryareknown,weused
thesealograftsascontrolsforestimationofthee?cacyof
pasteurizedbonegrafts.
Inthatrespect,wecanconcludethatheatpretreat-
mentat56°Cfor20mindoesnotalterthebiological
qualitiesofpasteurizedbonealografts.Sinceitisknown
thatpasteurizationpreventsHIVtransmission［11,17］,
wesuggestthatsuchpretreatedbonealograftsfroma
bonebankcouldbesafetyandsuccessfulyusedforbone
transplantation.
Acknowledgments.Thisstudywasperformedunderaprojectfundedby
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